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® Semiconductor memory device. 
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® A semiconductor memory device comprising a 
memory cell array liaving a plurality of dynamic 
memory cells (MCi). each of the memory cells in- 
cluding a plurality of MOS transistors (Q1 • Q4) 
connected by cascade connection, capacitors (Cl - 
C4) for storing data each having an end connected 
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to an end of a corresponding one of the MOS 
transistors, and a register arranged in a column 
portion of the memory cell array, for temporarily 
registering the data read from the memory cells in a 
time series manner. 
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This Invention relates to a semiconductor 
memory device, and more particularly to a dy- 
namic random access memory (DRAM). 

IVIost DRAM cells put In practice in these days 
each comprise an (insulating gate type) MOS tran- 
sistor serving as a transfer gate and connected to a 
word line and to a bit line, and a capacitor con- 
nected to the MOS transistor for storing data. 

To more highly integrate DRAM cells to there- 
by reduce the cost of each bit, the inventor of the 
invention has proposed, in USA application serial 
No. 6 8 7. 6 8 7. cascade gate type semiconductor 
memory colls shown in Figs. 1 and 2. 

The DRAM cell shown in Fig. 1 comprises 
MOS transistors 01 - 04 connected by cascade 
connection, and capacitors 01 - 04 each having 
one end connected to one end of the correspond- 
ing transistor Ql - 04, for storing data. By turning 
on and off the transistors 01 • 04 in a predeter- 
mined order, data items are successively read to a 
read-out/write-in node 1 which is connected to a bit 
line BL from the capacitors 01 . 02, 03, and 04 in 
the order mentioned. i.e.. in the order from the 
capacitor closest to the bit line BL to that remotest 
therefrom Similarly, the read-out write-in data 
items are written from the node 1 into the capaci- 
tors 04. 03. 02. and 01 in the order mentioned, 
i.e., in the order of from the capacitor remotest 
from the bit line BL to that closest thereto. 

The DRAM cell shown in Fig. 2 is similar to 
that shown in Fig. 1 except that it further incor- 
porates a second node N2 and a MOS transistor 
05 connected t)etween the transistor 04 and the 
second node N2. Also in the DRAM cell of Fig. 2. 
by turning on and off the transistors 01 - 05 in a 
predetermined order, data items are successively 
read to the node 1 from the capacitors 01, 02, 03, 
and 04 in the order mentioned, and the read- 
out/write-in data items are written from the node 2 
into the capacitors 01, 02. 03, and CM in the order 
mentioned. 

The above-descrik>ed cascade gate type mem- 
ory cells shown in Figs. 1 and 2 can store data of a 
plurality of bits in units of one bit. Thus, as com- 
pared with a conventional DRAM consisting of an 
array of cells each having a transistor and a ca- 
pacitor, a remarkably highly integrated DRAM can 
be formed of an array of memory cells of the 
cascade gate type, thereby much reducing the cost 
of one cell or bit, since only one contact is required 
in the latter case to connect a plurality of cells or 
bits to a bit line. 

In the DRAM made of cascade gate type mem- 
ory cells, however, data stored In each cell is read 
out in a destructive read out manner, so that it is 
always needed to rewrite data into the cell. But, 
rewriting new data into any capacitor cannot be 
performed immediately after the stored data is read 
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out, since in any memory celt of the cascade gate 
type, the order of the capacitors from which the 
stored data is read out is predetermined. That is, 
rewriting can be performed for the first time after 
5 data stored in ail the capacitors are read out com- 
pletely. 

Thus, the DRAM comprising of a cascade gate 
type memory cell array must have means for re- 
writing (or writing) data In order into the capacitors 

10 employed in each cell, after data of a plurality of 
bits are read out of the cell. 

This invention has been made in consideration 
of the above-described circumstances, and there- 
fore has the object to provide a semiconductor 

15 memory device consisting of a high density and 
hence low-bit-cost DRAM including a cascade gate 
type memory cell array, in which a plurality of data 
items are read from a memory cell in a time series 
manner, and then successively be rewritten (or 

20 written) into the memory cell. 

To attain the object, the memory device of the 
invention comprises a memory cell array having a 
plurality of dynamic memory cells, each of the 
memory cells including a plurality of MOS transis- 

25 tors connected by cascade connection, capacitors 
for storing data each having an end connected to 
an end of a corresponding one of the MOS transis- 
tors; and register means arranged in the column 
portion of the memory cell array, for temporarily 

30 registering the data read from the memory cells in 
a time series manner. 

By virtue of the above structure, the semicon- 
ductor memory device of the invention can succes- 
sively read data items from the capacitors of a 

35 memory cell to its bit line, then register them in 
register means, and successively write data items 
from the bit line into the capacitors. 

This invention can be more fully understood 
from the following detailed description when taken 

40 in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a circuit diagram showing a cascade 
gate type memory cell which has been pro- 
posed; 

45 Fig. 2 is a circuit diagram showing another cas- 
cade gate type memory cell which has also 
been proposed; 

Fig. 3 is a circuit diagram showing a part of a 
DRAM of a first embodiment of the invention; 
50 Fig. 4 is a circuit diagram showing an example 
of elements forming a register shown in Fig. 3; 
Fig. 5 is a circuit diagram showing another ex- 
ample of elements forming the register shown in 
Fig. 3; 

55 Fig. 6 is a circuit diagram showing a further 
example of elements forming the register shown 
in Fig. 3; 

Fig. 7 is a circuit diagram showing an example 

2 
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of elements shown in Fig. 6; 
Rg. 8 is a circuit diagram showing another ex- 
ample of elements shown in Fig. 6; 
Rg. 9 is a waveform timing chart illustrating the 
operation of the DRAM shown in Fig. 3; 5 
Rg. 10 is a circuit diagram showing a part of a 
DRAM of a second embodiment of the invention; 
Rg. 1 1 is a waveform timing chart illustrating the 
operation of the DRAM shown in Fig. 10; 
Rg. 12 Is a circuit diagram showing another w 
register incorporated in the invention; 
Rg. 13 is a circuit diagram showing a further 
register incorporated in the invention; 
Rg. 1 4 is a waveform timing chart illustrating the 
operation of a DRAM according to a third em- 76 
tx>diment of the Invention; 
Rg. 15 is a circuit diagram showing a part of a 
DRAM of a fourth embodiment of the invention; 
Rg. 16 is a circuit diagram showing a part of a 
DRAM of a fifth embodiment of the invention; 20 
Rg. 17 is a waveform timing chart showing the 
operation of the DRAM shown in Fig. 16; 
Rg. 18 is a circuit diagram showing a part of a 
DRAM of a sixth embodiment of the invention; 
Rg. 19 is a circuit diagram showing another 25 
example of elements forming a register shown 
in Fig. 18; 

Rg. 20 is a diagram showing a circuit similar to 
that shown in Fig. 3, except that it incorporates 
a single end type sense amplifier in place of the 30 
sense amplifier shown in Fig. 3; 
Rg. 21 is a diagram showing a circuit similar to 
that shown in Fig. 10, except that it incorporates 
a single end type sense amplifier; 
Rg. 22 is a diagram showing a circuit similar to 35 
that shown in Fig. 15, except that it incorporates 
a single end type sense amplifier; 
Rg. 23 is a diagram showing a circuit similar to 
that shown in Rg. 16, except that it incorporates 
a single end type sense amplifier; and 40 
Rg. 24 is a diagram showing a circuit similar to 
that shown in Fig. 19, except that it incorporates 
a single end type sense amplifier. 
The invention will now be explained in detail 
with reference to the accompanying drawings 4S 
showing embodiments thereof. In the figures, like 
reference numerals designate like components, and 
overlapping explanations are avoided. 

Fig. 3 shows one-column portion of a memory 
cell array of a DRAM according to a first embodi- so 
ment of the invention. This memory cell array con- 
sists of a plurality of cascade gate type memory 
cells as shown in Fig. 1, only two of which are 
shown as memory cells MCO and MCI. for sim- 
plifying the explanation of the array. Reference ss 
symbols BL. 6C designate complementary bit lines* 
reference symbols WL10 - WL40 and WL11 - 
WL41 word lines to be driven by a word line 
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driving circuit (not shown), reference symbol SA a 
bit line sense amplifier (e.g. a latch type amplifier) 
for sensing the potentials of the bit lines, reference 
symbol REG a register for temporarily registering 
bit data read from a selected memory cell in a time 
series manner, reference symbol PR a bit line 
precharging circuit to be driven by a bit line 
precharging signal 4» PR, reference symbol VPR a 
bit line precharging source, reference symbol CS a 
column selecting switch to be controlled by an 
output CD generated from a column decoder circuit 
(not shown), and reference symbols 170, I/O com- 
plementary input/output lines. 

The above-described memory cells MCI (i = 0, 
1. ...) each comprise a cascade gate having a 
plurality of MOS transistors, four transistors Q1 - 
Q4 In this embodiment, which are connected by 
cascade connection, and a plurality of capacitors 
01 - 04 (corresponding in number to the transis- 
tors Q1 - 04) for storing a plurality of data, con- 
nected to those ends of the transistors which are 
located remote from a node N1, respectively. That 
end of the cascade gate which is located close to 
the node N1 is connected to the bit line BL. The 
capacitors CI - C4 have the other ends connected 
to a capacitor common line. In this embodiment, 
one common plate electrode is provided for the 
capacitors 01 - 04. to supply them with a predeter- 
mined capacitor plate potential VPL. 

The transistors Q1 - 04 of the memory cell 
MCO have their gates connected to the word lines 
WL10 - WL40, respectively. The word lines WL10 - 
WL40 are also connected to the gates of transistors 
01 - 04 of each of memory cells (not shown) 
an^anged in the same row as the memory cell MCO. 
Similarly, the transistors 01 - 04 of the memory 
cell MCI have their gates connected to the word 
lines WL11 - WL41. respectively. The word lines 
WL11 - WL41 are also connected to the gates of 
transistors 01 - 04 of each of memory cells (not 
shown) arranged in the same row as the memory 
cell MCI. 

The register REG has register elements of a 
number equal to or smaller by 1 than the capacitor 
number (= bit number) of the memory cell MCI. 

Figs. 4. 5, and 6 show cases where the number 
of the elements of the register REG is smaller by 1 
than that of the capacitors of the memory cell MCi, 
i.e., the number of the elements is three. 

Referring to Fig. 4, reference symbols REGl - 
REG3 denote first - third elements each consisting 
of a dynamic memory cell 41 having a transistor 
and a capacitor, respectively. Transistors TRI - 
TR3 of the elements have ends connected to the 
bit line BL (or 6C), and gates connected to control 
signal lines RL1 - RL3, respectively. Capacitors 
RC1 • RC3 of the elements are connected to e.g. 
the same capacitor plate having a potential VPL. 
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The register shown in Fig. 5 differs from the 
register shown in Fig. 4 in that for example, the 
transistors TRl and TR3 of the first and third 
elements REG 1 and REG 3 have ends connected 
to the bit line BL (or BE), and the transistor TR2 of 
the remaining or second element REG2 has an end 
connected to the other bit line BE (or BL). 

Referring to the register shown in Fig. 6, the 
elements REG1 - REGS are each connected to 
both the bit lines BL and BE, and also to the 
control signal lines RL1 - RL3, respectively. 

Figs. 7 and 8 illustrates examples of the regis- 
ter elements REG1 - REGS in Fig. 6. 

The register element of Fig. 7 comprises a 
static memory cell (SRAM) 71 having a flip-flop 
circuit having a resistor R and two transfer gates. In 
this case, a P-channel MOS transistor may be used 
in place of the resistor R. 

The register element of Fig. 8 comprises a 
dynamic memory cell 81 having two transistors and 
a capacitor connected between the transistors. This 
type memory cell is disclosed In "A Novel Memory 
Cell Architecture for High-Density DRAMs" by Y. 
Ohta, et al., 1889 Symposium on VLSI Circuits. 
Digest of Technical Papers, pp. 101-102. May 



Fig. 9 is a waveform timing chart showing the 
operations of the sense amplifier SA, register REG, 
and word lines WL1 - WL4, which are connected to 
one memory cell MCI. in the case of using three 
register elements for the register in Fig. 3. 

As is shown in Fig, 9, the word lines WL1 - 
WL4 are turned on in the order of WL1. WL2. WL3, 
and WL4, and off in the reverse order. Further, 
control signal lines RL1 - RL3 are turned on and off 
at points of time as shown, thereby operating the 
register elements in the order of first, second, and 
third, and then operating them in the reverse order. 
In the figure, point t1 denotes the time when the 
sense amplifier SA is operated, while point t2 de- 
notes the time when the bit lines BL and BE are 
precharged to a predetermined potential (e.g. a half 
of the power source voltage). 

By virtue of the above-described control, data 
items are successively read to the bit line BL from 
the capacitors C1, C2, C3, and C4 in the order 
mentioned, i.e.. in the order from the capacitor 
closest to the bit line BL to that remotest therefrom. 
The data read out of the capacitors CI - C3 are 
successively registered in the register REG. In this 
state, the read-out data or new data can be, written 
into the capacitors C4, C3, C2, and CI in the order 
mentioned, i.e., in the order of from the capacitor 
remotest from the bit line BL to that closest thereto. 

Thus, 4-bit digital data stored in the capacitors 
C1 - C4 can be read out of the DRAM chip in a 
predetermined order, upon turning on the word 
lines WC1 - WC4 and operating the sense amplifier 



SA. 

The above-described operation will be ex- 
plained in more detail. When the word line WL1 Is 
turned on after the bit lines BL and BE are prechar- 

5 ged to the predetermined potential VPR by the bit 
line precharging circuit PR at the time point t1, the 
transistor Q1 is turned on, and the data in the 
capacitor CI is read out through the transistor Q1. 
The read-out data is amplified by the sense am- 

10 plifier SA. Then, the control signal line RL1 is 
turned on. and liept on until the amplified data is 
registered in the first element REG1 of the register 
REG. After the line RL1 is turned off. the bit lines 
BL and BE are precharged again at the time point 

75 t2. Then, the word line WL2 is turned on in a state 
in which the word line WL1 is on. At this time, the 
transistor Q2 is turned on, and the data stored in 
the capacitor C2 is read to the bit line BL through 
the transistors Q2 and Q1. where the sense am- 

20 plifier SA is operated at the time point t1. thereby 
sensing the read-out data. Subsequently, the con- 
trol signal line RL2 is turned on, and is kept on 
until the data read out of the capacitor C2 is 
amplified and then registered in the second ele- 

25 ment REG 2 of the register REG. In a similar way. 
the data stored in the capacitor C3 is registered in 
the third element REG 3 of the register REG. The 
bit lines BL and BE are again precharged at the 
time point t2. and the word line WL4 is turned on, 

30 thereby turning on the transistor Q4 and reading 
data from the capacitor C4 to the bit line BL 
through the transistors 04 - Q1. The sense am- 
plifier SA is operated at the time point t1. and 
senses the read-out data. Since at this time, the bit 

35 line BL Is set at a rewriting potential corresponding 
to the data read out of the capacitor C4, rewriting is 
performed in the capacitor C4 upon turning off the 
word line WL4 and transistor 04. Subsequently, the 
bit lines BL and BE are again precharged at the 

40 time point t2. then the control signal line RL3 is 
turned on. and the sense amplifier SA is operated 
at the time point t1. At this time, the bit lines BL 
and BE are set at a rewriting potential correspond- 
ing to the data registered in the third element 

45 REGS. When the word line WL3 is turned off in tfnis 
state, the transistor OS is accordingly turned off. 
thereby performing rewriting in the capacitor CS. In 
a similar way, rewriting is performed successively 
in the capacitors C2 and Cl . 

50 Writing in the DRAM shown in Fig. 3 can be 
performed by setting data required for the bit lines 
BL and BE, by means of a data-writing circuit (not 
shown) at the same time point as that of rewriting. 
Each column portion of the memory ceil array is 

55 selectively connected to a data Input/output circuit 
(not shown) by means of the input/output lines I/O 
and 170, to write input data, and to transfer read out 
data to the output side. The input/output lines I/O 
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and 170 each may be used as an input/output line, 
or nnay be used as a dedicated input or output line. 

As is described above, since the DRAM of Fig. 
3 employs a cascade gate type memory cell array, 
it can have a density much higher than the conven- 
tional DRAM employing one transistor/one capaci- 
tor type memory cell array, thereby remarkably 
reducing the cost of each bit. Thus, it is very 
advantageous to use the cascade gate type mem- 
ory cell array of Fig. 3, so as to produce a large 
capacity DRAM, which is used in place of such a 
recording medium as a magnetic disk, at low cost 
by means of the conventional technique. 

In this connection, it should be noted that each 
memory cell of the DRAM of Fig. 3 is accessed in 
a serial manner (i.e., data is serially written into or 
read out of each memory cell), so that Its random 
accessibility is limited to some extent, and also the 
required access time is inevitably a little long. 
However, these disadvantages can be removed by 
performing serial-to-parallel or parallel-to-serial con- 
version of 4-bit data, thereby obtaining complete 
random accessibility as a DRAM capable of writing 
In and reading cut data In units of 4 bits. Further, if 
the DRAM of Fig. 3 is modified to save power such 
that the memory cell array comprises a plurality of 
sub-arrays, and also that only some parts (e.g. two 
or four) of the sub-arrays are simultaneously ac- 
tivated, it can serve as a DRAM capable of writing 
in and reading out data in units of 8 or 16 bits by 
means of serlal-to-parallel or parallel-to-serial con- 
version. 

Moreover, to random access only the required 
data by using no serial-to-parallel conversion, it is 
not always needed to access alt the capacitor of a 
memory cell, but it suffices if a capacitor storing 
the data required and a capacitor or capacitors (if 
exist) located closer to the node than the former 
are accessed. In this case, the access time varies 
in accordance with the distance between the node 
(bit line) and a capacitor selected. For dealing with 
this, it Is considered that (a) a maximum access 
time is determined as the access time, or alter- 
natively that (b) a waiting signal is being generated 
until the read-out data is output from the DRAM. 

Further, it should be noted that some conven- 
tional DRAMs have a 4-bit serial access function 
such as a nibble mode, and that there have been 
rapidly increased applications such as block trans- 
fer between a cache memory and a DRAM or 
Image data processing and storage, to which a 
serial access method can be applied. Accordingly, 
the DRAM of the invention may keep a serial 
access function since a slight limitation to its ran- 
dom accessibility does not so adversely act upon 
the actual operation. Thus, the DRAM of the inven- 
tion can be estimated in spite of its serial access 
function by virtue of the above-described advan- 



tage that It can have high density. 

In addition, although each register element is 
turned off at the time point shown in Fig. 9 after it 
Is turned on again by a signal supplied through the 
5 corresponding control signal line RL1 - RL3, there- 
by terminating the writing, it may be turned off after 
the bit lines are precharged. However, in a case 
where accurate data need be kept registered in the 
register even after it is stored in the memory cell, it 

70 Is desirable tiiat the register is turned off at the 
timing shown in Fig. 9. Referring more strictly, the 
first turn-on of the register element is not necessar- 
ily performed at the time point shown in Fig. 9, 
after registering data read out of the capacitor, but 

16 the element may be turned on earlier than the 
timing shown in Fig. 9, if the data is assuredly 
registered therein. 

Moreover, by setting such that the remoter 
from the read-out node the capacitors C1 - C4 of 

20 the memory cell MCi are located, the larger capaci- 
tance they have, that gradual reduction in the volt- 
age variation of the read-out/write-in node which 
occurs white the capacitors are successively ac- 
cessed will be compensated, so that the voltage 

25 variation of the node will have substantially the 
same value when any of the capacitors is acces- 
sed, thereby preventing data from being errone- 
ously read out. 

If tiie register REG in Fig. 3 comprises four 

30 (equal to the number of the capacitors of the mem- 
ory cell MCi) register elements, data Items stored 
in the four capacitors are to be registered In the 
four register elements, respectively. 

Fig. 10 shows one-column portion of the mem- 

35 ory cell array of a DRAM according to a second 
embodiment of the invention. This memory celt 
anray consists of a plurality of cascade gate type 
memory cells as shown in Fig. 2. 

Each memory cell MCi (i = 0, 1, ...) in Fig. 10 

40 consists of a cascade gate having (more than 
three) MOS transistors Q1 - Q/5 connected to one 
another by cascade connection and connected be- 
tween first and second nodes N1 and N2, and 
capacitors CI - C4 for storing data each connected 

45 to a corresponding connecting node connecting 
adjacent two transistors. The first and second read- 
out/write-in nodes N1 and N2 are connected to one 
bit line BL. The transistors Ql - Q5 of the memory 
cell MCO have gates connected to word lines WLIO 

50 - WL50, respectively. The word lines WLIO - WL50 
are also connected to corresponding transistors Ql 
- Q5 of each of memory cells (not shown) arranged 
in the same row as the memory cell MCO. Simi- 
larly, the transistors Ql - Q5 of the memory cell 

55 MCI have gates connected to word tines WL11 - 
WL51, respectively, and the word lines WL11 - 
WL51 are also connected to corresponding transis- 
tors Ql - Q5 of each of memory cells (not shown) 
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arranged in the same row as the memory cell MCI. 

The register REG shown in Fig. 10 has four 
(equal to the number of the capacitors of the mem- 
ory cell MCi) register elements REG1 - REG4, 
which have gates connected to control signal lines 
RL1 - RL4, respectively. 

Fig. 1 1 is a waveform timing chart showing the 
operations of the sense amplifier SA. register REG, 
and word lines WL1 - WL5, which are connected to 
each memory cell MCI In Fig. 10. In the figure, 
time points t1 and t2 conrespond to those shown in 
Fig. 9. As is evident from Fig. 1 1 . the DRAM of Fig. 
10 operates in a way similar to the DRAM of Fig. 3, 
and therefore its operation Is not explained in do- 
tail. Thus, it is possible to successively read data 
items to the bit line BL from the capacitors CI - C4 
In the order mentioned, also at the same time to 
successively and temporarily store them in the 
register REG. and thereafter to successively write 
the data from the bit line BL to the capacitors CI - 
C4 in the order mentioned. If the transistors Q1 - 
Q5 and register elements REG1 - REG4 are turned 
on and off in the order reverse to the first-men- 
tioned case, it is possible to successively read data 
items to the bit line BL from the capacitors C4 - CI 
in the order mentioned, i.e., in the order from the 
capacitor closest to the second node N2 to that 
furthest therefrom, also at the same time to suc- 
cessively and temporarily store them in the register 
REG, and thereafter to successively write the data 
from the bit line BL to the capacitors C4 - CI In the 
order mentioned, I.e.. in the order from the capaci- 
tor closest to the second node N2. 

In the above-described embodiments, a com- 
plex memory including a cache memory can be 
employed by making the register REG consist of 
four SRAM cells serving as the cache memory. In 
this case, the cache memory greatly compensates 
the disadvantage of the memory cells MCi that 
they are serially accessed. 

Fig. 12 shows another example of the register 
REG. In which the transistors Q1 - Q3 are con- 
nected to capacitors CI - C3 in a manner similar to 
the memory cell shown in Fig. 1, and the gates of 
the transistors Q1 - Q3 are connected to control 
signal lines RL3 - RL1, respectively. 

Rg. 13 illustrates a further example of the 
register REG, in which the transistors Q1 - Q4 are 
connected to capacitors C1 - C3 In a manner 
similar to the memory cell shown In Fig. 2. and the 
gates of the transistors Q1 - Q4 are connected to 
control signal lines RL1 - RL4. respectively. 

Fig. 14 illustrates the operation of a DRAM 
according to a third embodiment of the invention In 
which the memory cell shown in Fig. 1 and the 
register shown in Rg. 12 are incorporated. In Fig. 
14, time points t1 and t2 correspond to those 
shown In Rg. 9. 
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In the embodiments in which the sense am- 
plifier SA is operated at the time point t1. if charg- 
ing and discharging occur in the bit lines BL and 
BC during operation of the sense amplifier SA, the 

5 potential of the bit lines varies between the highest 
and lowest values of the power source at least 
seven times during reading data out of each mem- 
ory cell MC, thereby increasing power consump- 
tion. A DRAM which can operate with small power 

10 consumption is shown in Fig. 15. 

Rg. 15 Illustrates a part of one-column portion 
of the memory cell array of a DRAM according to a 
fourth embodiment. In the DRAM, a pair of transfer 
gates (MOS transistors) TG are connected between 

16 the sense amplifier SA and bit lines BL and SC. 
Reference symbols DL and DC denote digit lines 
which are parts of the bit lines, respectively. To 
successively read data Items from the capacitors of 
a selected memory cell MCi, and then to store 

20 them, the transfer gates TG are operated as fol- 
lows: 

After the data items are transmitted from the 
capacitors to the sense amplifier SA. the transfer 
gates TG are turned off, thereby operating the 

25 sense amplifier SA. To rewrite (or write) data, the 
transfer gates TG are turned on. thereby making 
the sense amplifier SA charge and discharge the 
bit lines BL and EC. Thus, the transfer gates are 
charged and discharged only at the time of rewrit- 

30 ing (or writing), i.e., totally only four times, which 
reduces the power consumption. 

Any of the above-described embodiments may 
be modified such that a differential type amplifier 
which compares the potential of the bit line with a 

35 reference potential is used as the sense amplifier 
SA. thereby setting the rewriting potential of the bit 
line by a data writing circuit (not shown) in accor- 
dance with the output of the amplifier. 

The DRAMs of the invention can Incorporate 

40 not only cascade gate type memory cells, but also 
semiconductor memory cells proposed by the in- 
ventor of the invention in USA application No. 6 8 
7, 6 8 7. 

Specifically, the capacitors Cl - C4 of the 
45 cascade gate type memory cell MCi each may 
have the other end supplied with an external power 
voltage Vcc or an external ground voltage Vss. 

Further, a memory cell, to which a technique of 
operating its capacitor plate in synchronism with a 
50 clock signal is applied, may be used in place of the 
above-described memory cell MCI. This technique 
is disclosed in IEEE JOURNAL OF SOLID-STATE 
CIRCUITS. VOL. SC-17, NO. 5. p. 872 OCT. 1982. 
"A Storage-Node-Boosted RAM with Word-Line 
55 Delay Compensation" by K. FujIshlma et al. 

Alternatively, a memory cell, to which a tech- 
nique of connecting a transfer gate to the both 
opposite ends of each capacitor Is applied, may be 

6 
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used in place of the memory cell MCi. This tech- 
nique cell is disclosed In "A Novel Memory Cell 
Architecture for High-Density DRAMs" (Fig. lb) by 
Y. Ohta, et al., 1989 Symposium of VLSI Circuits, 
Digest of Technical Papers, pp. 101-102. 

Although the above-described embodiments 
are constructed such that the register REG tem- 
porarily stores the data read out of the memory cell 
MCi in a time series manner, there may alter- 
natively be provided bit line sense amplifiers of a 
number equal to the number of the capacitors of 
each memory cell, which amplifiers also serve as 
register means. An example of this case is illus- 
trated in Rg. 18 as a fifth embodiment. 

Fig. 16 shows part of one-column portion of the 
memory array of a DRAM according to the fifth 
embodiment. As is shown in the figure, a pair of 
transfer gates TG are connected between each of 
sense amplifiers SA1 - SA4 and the bit lines BL 
and BE. respectively, and are turned on and off by 
signals supplied through control signal lines <^ 1 - ^ 
4. 

Fig. 17 is a waveform timing chart showing the 
operations of the sense amplifiers SA1 - SA4. and 
word lines WL1 - WL4, which are connected to one 
memory cell MCi. in the case of using a cascade 
gate type memory cell as shown in Fig. 1 , as the 
memory cell MC of the DRAM of Rg. 16. Time 
points t1 and t2 in the figure correspond to those 
shown In Fig. 9. 

When the control signal line ^ 1 is turned on. 
and the word line WL1 is tumed on in a state 
where the bit lines BL and BE and sense amplifier 
SA1 are precharged. the data stored in the capaci- 
tor CI of the memory cell MCI is transmitted to the 
sense amplifier SA1. Then, the control signal line ^ 
1 is tumed off, and then the sense amplifier SA1 is 
operated, thereby amplifying and latching the data 
read out of the capacitor CI, Rewriting (or writing) 
is performed by precharging the bit lines BL and 
BE, then selecting a sense amplifier, further charg- 
ing or discharging the bit lines to a predetermined 
potential, and turning off a corresponding word line. 
If the sense amplifiers SA1 - SA4 consisting of 
CMOS transistors are used, and also If the potential 
of the bit lines can be set to the power source 
potential Vcc and to the ground potential Vss, the 
pre-charging of the bit lines can be omitted at the 
time of rewriting or writing. Further, the sense am- 
plifiers SAl - SA4 can serve as a cache memory 
by using them like a SRAM cell. 

Fig. 18 shows part of one-column portion of the 
memory array of a DRAM according to a sixth 
embodiment. As is shown in the figure, the DRAM 
employs register elements REGi (i = 1. 2. 3, and 
4) each consisting of a SRAM, also transfer gates 
TG to be controlled by signals supplied through 
control signal lines RLi <i - 1,2, 3, and 4). two of 



which transfer gates are connected between each 
register element REGi and digit lines DL and DE, 
respectively, and transfer gates TG2 to be con- 
trolled by signals supplied through column selec- 

5 tion tines CSL, two of which transfer gates are 
connected between each register element REGi 
and input/output lines (i/0)i and (170)1. respectively. 
4-bit data items are read at a time from one- 
column portion of the memory array of the DRAM. 

10 Fig. 19 shows one register element REGi in the 
case of replacing the SRAM cell with a sense 
amplifier SAi. 

In the above embodiments, the memory cell 
an^ay has a folded bit line structure, it may have an 

IB open bit line structure. 

Moreover, the Invention may employ a so- 
called single end type sense amplifier having an 
input node connected to one bit line BL directly or 
by means of a transfer gate, etc, as is shown in 

20 Figs. 20 - 24. 

Fig. 20 illustrates a circuit obtained by modify- 
ing the circuit of Rg. 3 such that the sense am- 
plifier employed therein is replaced with a single 
end type sense amplifier. 

25 Fig. 21 illustrates a circuit obtained by modify- 
ing the circuit of Fig. 10 such that the sense 
amplifier employed therein is replaced with a single 
end type sense amplifier. 

Rg. 22 illustrates a circuit obtained by modify- 

30 ing the circuit of Fig. 15 such that the sense 
amplifier employed therein is replaced with a single 
end type sense amplifier. In this case, a transfer 
gate TGI' connected to one digit line DE may be 
removed since it is additionally provided only for 

35 preventing the circuit from being adversely affected 
by the transfer gate TGI connected between the 
bit line BL and sense amplifier SA. Alternatively, 
the circuit may be modified such that a reference 
potential Vref is supplied to the sense amplifier 

40 through the transfer gate TGI 

Fig. 23 illustrates a circuit obtained by modify- 
ing the circuit of Rg. 16 such that the sense 
amplifier employed therein is replaced with a single 
end type sense amplifier. 

46 Fig. 24 illustrates a circuit obtained by modify- 
ing the circuit of Fig. 19 such that the sense 
amplifier employed therein is replaced with a single 
end type sense amplifier. Here, a transfer gate TG' 
Is similar to that shown In Fig. 22. 

50 In addition, to connect the transfer gate be- 
tween the bit line and sense amplifier, it is possible 
to employ a so-called shared sense amplifier tech- 
nique. Specifically, in a case where a single type 
sense amplifier is used as the sense amplifier in 

55 the circuit, and the shared sense amplifier tech- 
nique is applied thereto, the circuit may be con- 
structed such that a plurality of bit lines and trans- 
fer gates are connected to one sense amplifier, and 
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that one of the bit lines is selected by controlling 
the transfer gates to be connected to the sense 
amplifier. Further, in a case where a cell array of a 
folded bit line structure or open bit line structure is 
incorporated in the circuit, and the shared sense 
amplifier technique is applied thereto, the circuit 
may be constructed such that a plurality of pairs of 
bit lines and transfer gates are connected to one 
sense amplifier, and that one pair of the bit tines is 
selected by controlling the transfer gates to be 
connected to the sense amplifier. 

The invention is not limited to the above-de- 
scribed embodiments, but may be modified without 
departing from the spirit and scope thereof. 

Claims 

1. A semiconductor memory device comprising: 

a memory cell array having a plurality of 
dynamic memory cells (MCi). each of the 
memory cells including a plurality of MOS 
transistors (Q1 - 04) connected by cascade 
connection, capacitors (Cl - C4) for storing 
data each having an end connected to an end 
of a conresponding one of the MOS transistors; 
and 

register means arranged In the column 

portion of the memory cell array, for temporar- 
ily registering the data read from the memory 
cells in a time series manner. 

2. The semiconductor memory device according 
to claim 1, characterized in that the register 
means Is a register (REG) having register ele- 
ments (REG1 - REGS) of a number smaller by 
one than the number of the capacitors of each 
of the memory cells. 

3. The semiconductor memory device according 
to claim 2, characterized in that the register 
elements (REG1 - REG3) each comprise a 
dynamic memory cell (41) having one transis- 
tor and one capacitor. 

4. The semiconductor memory device according 
to claim 2, characterized in that the register 
elements (REG1 - REG3) each comprise a 
static memory cell (71). 

5. The semiconductor memory device according 
to claim 2, characterized in that the register 
elements (REGl - REGS) each comprise a 
dynamic memory cell (81) having two transis- 
tors and one capacitor connected between the 
transistors. 

6. The semiconductor memory device according 
to claim 1, characterized in that the register 



means is a register (REG) having register ele- 
ments (REGl - REG4) of a numt)er equal to 
the number of the capacitors of each of the 
memory cells. 

5 

7. The semiconductor memory device according 
to claim 6. characterized in that the register 
elements (REGl - REG4) each comprise a 
dynamic memory cell (41) having one transis- 

10 tor and one capacitor. 

8. The semiconductor memory device according 
to claim 6, characterized in that the register 
elements (REGl - REG4) each comprise a 

75 static memory cell (71). 

9. The semiconductor memory device according 
to claim 6. characterized in that the register 
elemente (REGl - REG4) each comprise a 

20 dynamic memory cell (81) having two transis- 

tors and one capacitor connected between the 
transistors. 

10. The semiconductor memory device according 
25 to claim 1. characterized in that the register 

means consists of a register (REG) having a 
plurality of MOS transistors (01 - Q3) con- 
nected by cascade connection and capacitors 
(01 - 03) for storing date each having an end 
30 connected to an end of a corresponding one of 
the MOS transistors. 

11. The semiconductor memory device according 
to claim 1. characterized in that the register 

35 means consists of sense amplifiers (SAI - 
SA4) of a number equal to the number of the 
capacitors of each (MCI) of the memory celts 
(MO), the sense amplifiers controlling read- 
out/write-in of the data stored in the capacitors 

40 (01 - 04) of the memory cells, and also tem- 
porarily registering the date. 

12. The semiconductor memory device according 
to any one of claims 1-11, characterized by 

45 further comprising a first transfer gate (TG) 
connected between a bit line (BL) and a bit 
line sense amplifier (SA). the first transfer gate 
being turned on and off at predetemnined time 
points. 

50 

13. The semiconductor memory device according 
to claim 8. characterized by further comprising 
a first transfer gate (TG) connected between a 
bit line (DL or DC) and each of the register 

55 elemente (REGl - REG4) each consisting of a 
static memory cell, and to be controlled by a 
signal supplied through a corresponding con- 
trol signal line (RL1 - RL4), and a second 
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transfer gate (TQ2) connected between each of 
the register elements and an input/output line 
(I/O or FD), and to be controlled by a signal 
supplied through a colunnn selection line 
(CSL). 5 

14. The semiconductor memory device according 
to claim 11, characterized by further compris- 
ing a first transfer gate (TG) connected be- 
tween a bit line (DL or OE) and each of the io 
register elements (REG1 - REG4) consisting of 
sense amplifiers (SA1 - SA4), respectively, and 

to be controlled by a signal supplied through a 
corresponding control signal line (RL1 - RL4), 
and a second transfer gate (TG2) connected 75 
between each of the register elements and an 
input/output line (I/O or 17D), and to be con- 
trolled by a signal supplied through a column 
selection line (CSL). 

20 

15. The semiconductor memory device according 
to claim 13 or 14, characterized in that the 
second transfer gate (TG2) is controlled by a 
common column selection line (CSL). and data 

of a plurality of bits are read out at a time from 2S 
a selected one of column portions of the mem- 
ory cell array. 
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registering the data read from the memory cells in a 
time series manner. 
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